Varian is carrying out the development of high -power, CW gyrotrons at frequencies ranging from 100 -140 GHz. Initial test vehicles at 140 GHz have been designed to generate short-pulse power levels of 1 MW and up to 400 kW CW. Thus far, short -pulse power levels of 1040 kW have been measured at 38 % efficiency and average powers of 200 kW have been achieved. Output power levels of 400 kW have been obtained for pulse durations of 0.5 sec.
INTRODUCTION
To address future requirements in the area of electron cyclotron resonance heating of magnetically-confined plasmas, Varian is developing gyrotrons capable of generating power levels of 1 MW CW at frequencies in the range 100 GHz to 140 GHz. In working toward the 1 MW CW output power goal, several experimental vehicles will be constructed and tested to verify the design of the important elements of the gyrotron. The first two tubes in the program have been designed to generate short -pulse power levels of 1 MW and CW or longpulse (> 1 second) power levels up to 400 kW at a frequency of 140 GHz.
The design of the first two experimental tubes and the results from tests on the first experimental tube and the first two test iterations of the second experimental tube have been published elsewhere.1,2 Below we discuss the results obtained during the third test sequence on the second experimental tube.
RECENT TEST RESULTS ON SECOND EXPERIMENTAL GYROTRON
The present series of tests on the second experimental tube were begun in June 1988 and are still in progress. During short -pulse operation, output powers up to 1040 kW at 38 % efficiency were obtained. A plot of output power and efficiency as a function of beam current is shown in Figure 1 . We note that the efficiency was relatively flat over the range of beam currents shown in the figure. Efficiency was optimized for each value of beam current by adjusting the cavity magnetic field and the gun -anode voltage (that controls the perpendicular -to-parallel velocity ratio, a).
In general, the gun -anode voltage was increased to the point where current was drawn to the gun -anode electrode.
In Figure 2 we plot the value of a estimated from electron gun simulations for each experimental point shown in Figure 1 . As noted on Figure 2 , the maximum gun -anode voltage without gun -anode current generally decreased with current. This effect is thought to be due to increasing velocity spread with beam current. The increased velocity spread leads to electron beam mirroring at lower values of a or gun -anode voltage. In addition to the lower achievable value of gun -anode voltage, the decrease in a with beam current is also due to the increased space charge in the beam formation region of the electron gun.
In Figure 3 we have plotted the same experimental efficiencies as well as those predicted by self-consistent, large -signal calculations for a = 1.5 and 2.0. (The theoretical efficiencies have been adjusted to include the rf losses measured in the tube.) These results show that there is good agreement between the observed and predicted efficiencies when By acceptance of this article, the publisher or recipient acknowledges the U. S. Government's right to retain a nonexclusive, royalty-free license in an to any copyright covering this article.
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In Figure 3 we have plotted the same experimental efficiencies as well as those predicted by self-consistent, large-signal calculations for a = 1.5 and 2.0. (The theoretical efficiencies have been adjusted to include the rf losses measured in the tube.) These results show that there is good agreement between the observed and predicted efficiencies when 316 T8.1 the estimated value of a for each experimental point (see Figure 2) is used. At output powers of around 400 kW, short -pulse operation has been extended to duty factors of nearly 50 %, resulting in average output powers of 200 kW. The output efficiency for 200 kW average power operation was not optimized. Instead, tube parameters were adjusted to enable operation in a regime where tube performance was relatively insensitive to changes in the settings of various parameters (i.e. gun -anode voltage, beam current, cavity magnetic field, beam voltage, etc.).
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Long -pulse operation has been extended to pulse durations of 500 ms at output powers of 350 -400 kW. Again, these tests were not carried out at optimum efficiency in order to remain at conditions that enabled operation over a wide range of parameter settings.
Parameters for the three operating regimes, short -pulse operation at 1040 kW, 200 kW average power and 500 ms pulse, are listed in Table I . GHz, 1 MW pulsed, 400 kW CW design will be useful in a variety of ECR heating applications in several present -day fusion experiments.
Long-pulse operation has been extended to pulse durations of 500 ms at output powers of 350-400 kW. Again, these tests were not carried out at optimum efficiency in order to remain at conditions that enabled operation over a wide range of parameter settings. Parameters for the three operating regimes, short-pulse operation at 1040 kW, 200 kW average power and 500 ms pulse, are listed in Table I . Further long pulse tests are still in progress. The current test plan is to extend longpulse operation at 400 kW to pulse durations in excess of 1 second.
CONCLUSIONS
The results obtained during the most recent tests performed on the second experimental 140 GHz gyrotron have essentially met the 1 MW pulsed and 400 kW CW or longpulse goals of the initial test vehicles. These results also represent an important step in reaching the 1 MW CW goal of the current development program. Tubes based on the 140 GHz, 1 MW pulsed, 400 kW CW design will be useful in a variety of ECR heating applications in several present-day fusion experiments.
